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FOREWORD 


It is becxandng increasingly clear that technology must serve man in 
ittproving the quality of life. This identifies the most inportant future role 
for control systems engineering, according to the respondents to a survey 
conducted by the Office of Control Theory and application in the Fall of 1968. 

A report of that survey was published as NASA-ERC-PM-67. A synposium in early 
1969 brought together leaders in broad application' fields to discuss needs 
with control systems experts. The proceedings of this synposium were pi±>lished 
as NASA SP-211. Since then various other means have been used to bring these 
insights and their inplications for action to the attention of larger nui±)ers 
of control systems workers. 

Control systems engineering is seen to have a role in modem society 
that goes far b^ond its traditional one of providing designs for relatively 
sinple mechanistic systems, or even these incorporating a human operator. 
Cenplex, large-scale systems are the order of the day, and these increasingly 
involve aggregates of human beings. 

Many attenpts have been and are being made by workers in various 
special fields to analyse their large-scale^ systora through the use of models. 
The skills of control systems engineers - in analytic design, in modelling, 
and in simulation - can be integrated with the skills of specialists in the 
social areas to meet the problems of life on this planet. 

This bibliography is a small start on bringing to the attention of 
all interested in large-scale systems the experience that has recently been 
accumulated. It is offered without apology for its inadequacies. Rather, it 
is offered with the hope that it will be initially helpful to those trying 
to get started in this most inportant area. 

0. Hugo Schuck, Chief 
Office of Control Theory 
and application 
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ABSTRACT 


A limited, partly annotated bibliography 
was prepared on the subject of large-scale 
system control. Approximately 400 references 
are divided into thirteen application areas , 
such as Large Societal Systems and Large 
Communication Systems. A first-author index 
is provided. 
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DEFINITION OF THE LARGE-SCALE SYSTEM 


A large-scale system is one that is so large that 
it usually must be controlled by rule-of-thumb or heuristic 
techniques because one or more of the following conditions 
exists: 

1. The number of parameters necessary to 
describe the system is too large to 
handle with conventional models and/or 
computing techniques. 

2 . The laws relating the parameters are 
not well understood. 

3. The system is apparently irrational. 

Note that sheer physical size is not a criterion for a 
large-scale system; rather complexity and inability to 
"get a handle" on the system are more significant. 

Naturally there is a frontier zone between small- 
scale systems, which we can encompass theoretically, and 
large-scale systems which give us trouble in this respect. 
As new techniques of modelling, simulation, and analysis 
are created, this frontier zone moves forward into the 
region of more complex systems. It is in this frontier 
zone where excitement exists today, for here new ways 
of dealing with large-scale systems are being created. 

It is well that theorists are paying more attention 
to large-scale systems because many of the world's most 
trying problems involve large-scale systems: the national 
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economy, the American welfare system, the American educa- 
tional system, even our natural environment, all are large- 
scale systems. We must learn how to control these systems 
if society is to survive. At the moment, it appears that 
many large-scale systems, especially those involving society, 

Bce mot under adequate control. 

OBJECTIVES OF THE SURVEY 

The objective of this survey was to make a preliminary 
sweep of likely sources of reports dealing with the control 
of large-scale systems. Where papers and reports could be 
easily obtained, remarks accompany the bibliographical material. 
The reader is hereby warned that, lengthy as the following 
bibliography is, it is certainly far from complete. It is 
hoped, however, that the key papers in every field have been 
found. 

The present-day fragmentation of the field of large- 
scale systems is the major reason for embarking upon this 
survey. It was apparent to NASA that little effort was 
being made to bring together the results from the various 
programs dealing with large-scale systems , especially 
societal systems. The very strong shift of American tech- 
nology into societal programs has stimulated a great deal 
of systems analysis dealing with cities, the environment, 
transportation networks, etc. It is the same old story 
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of people in various fields of endeavor, each unaware of the 
other, trying to cope with coiranon problems. In this case, 
the applications themselves are often radically different 
but the theoretical tools; analysis, simulation, and modelling; 
are the same. The parameters have different names but there 
are a great many of them^and they are interrelated in com- 
plex ways whether we talk about U.S. power grids or air 
pollution control on a national basis. 

By bringing these references from so many disparate 
sources together in one place we hope to show the fragmented 
groups how other people are tackling the same sorts of 
problems. "Cross fertilization" has become a hackneyed word 
in management lingo, but cross fertilization is the main 
intent of this survey. 


SOURCES SEARCHED 

The routine portion of the literature search began 
with a survey of the two NASA- supported abstract journals 
for the period from January 1967 to October 1969: International 

Aerospace Abstracts and Scientific and Technical Aerospace 
Reports. Because these journals do not include all govern- 
ment work of possible interest. Government and Research 
Reports was checked for the same period. The 1968 edition 
of Books in Print was also examined. Another technique 
applied with good success was the search of recent journals 
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in the control field for key review and survey papers. 

Often as not, these papers would refer to older reports. 

To supplement references acquired through more or less 
conventional techniques , about fifty letters were posted 
to scientists and engineers known to be active in the field 
of large-scale system control. Inquiries were also sent 
to government agencies and private companies applying large- 
scale system concepts to societal problems. The preliminary 
nature of this survey should be obvious from the limited 
selection of source materials. Despite these restrictions, 
a rather large amount of pertinent material was discovered. 

ORGANIZATION OF THE SURVEY MATERIAL 
Except for the first section of references dealing 
with large-scale system theory, the material in this survey 
is categorized by application area, as indicated in the Table 
of Contents. Specialists can thus readily find reports deal- 
ing with their own areas of interest. However, it would 
defeat one of the main purposes of this report if specialists 
did not at least browse through other application areas to 
discover what other people are doing with large-scale systems. 
A first-author index completes the report. 
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LARGE-SCALE SYSTEM THEORY 


ABT Associates, Inc.: APPLICATIONS OF SYSTEMS ANALYSIS 

MODELS, NASA SP-5048, 1968. 

A general and rather brief discussion of how systems 
analysis can be applied to management and urban 
problems. "Spin off" from the following NASA pro- 
grams is suggested: GE Voyager study, MORL model, 

Texas A&M long-range planning study. General Dynamics 
manned spacecraft cost model, Apollo FAME program, 
and the Goddard GREMEX program. 

Anon.: PAPERS ON MULTILEVEL CONTROL SYSTEMS, 

Systems Research Center, Case Institute of Technology 
Report SRC 70-A-65-25, 1965. 

Anon.: SYMPOSIUM ON MULTIVARIABLE SYSTEM THEORY, 

Society Industrial Applied Mathematics, 

Cambridge 1962. 

Aoki, M. : CONTROL OF LARGE-SCALE DYNAMIC SYSTEMS BY 

AGGREGATION , Trans . lEEEy AC-23 ^ 246-253, June 1968. 

Theoretical paper on reduction of the number of 
dimensions in a large-scale dynamic systems by 
"aggregation," a method of simplification related 
to "projection." 

Baker, L.E. et al: A SINGLE PROCESSOR HIERARCHICAL COMPUTER 

CONTROL SYSTEM, IFA/IFIP Conference on Computer Control 
Toronto, 1968. ’ ■’ 

Belevitch, V.: CLASSICAL NETWORK THEORY, 

Holden-Day, New York, 1968. 

Bellman, R. and Kalaba, R. : MATHEMATICAL TRENDS IN CONTROL 

THEORY, Dover Publications, New York, (in press). 

Bellman, R. and Kalaba, R.: DYNAMIC PROGRAMMING AND MODERN 

CONTROL THEORY, Academic Press, New York, 1966. 

Bellman, R. : DYNAMIC PROGRAMMING, PATTERN RECOGNITION AND 

LOCATION OF FAULTS IN ' COMPLEX SYSTEMS, 

J. Appl, Prob.j 3, 268, 1966. 

Berrien, F.K. : GENERAL AND SOCIAL SYSTEMS: FROM MOLECULES 

TO NATIONS, Rutgers Univ. Press, New Brunswick, 1968. 
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Bertalanffy von, L.: GENERAL SYSTEM THEORY, 

George Braziller, New York, 1968. 

An excellent treatment on system theory as applied 
to a large variety of systems, some large-scale. 

A great deal on models; little on mathematical theory. 

Blackwell, W.A.; PHYSICAL NETWORKS 
Macmillan, New York, 1968. 

Blake, K. and Gordon, G. : SYSTEMS SIMULATION WITH DIGITAL 

COMPUTERS, IBM SYSTEMS J.y S, 1964. 

Bollinger, R.E. and Lamb, D.E. : MULTIVARIABLE SYSTEMS, 

I&EC FUNDAMENTALS^ 245, Nov. 1962. 

Brockett, R. W. and Canales, R. J.: ORGANIZATION OF 

SYSTEM CONTROL, PB-173 641, 1966. 

A general method of designing control laws for 
complex systems is described, with emphasis on large 
transportation systems. Chapter III is entitled 
"Multilevel Control," Decomposition technique used 
to simplify. 

Brosilow, C. B. et al: PAPERS ON MULTILEVEL CONTROL SYSTEMS, 

Case Institute of Technology, Systems Research Center, 
Rpt. SRC-70-A-65-25, 1965. 

Brosilow, C.B., Lesdon, L., Pearson, J.D.: FEASIBLE 

OPTIMIZATION METHODS FOR INTERCONNECTED SYSTEMS, 

Proa. 1965 JACC, Troy, 1965, pp. 79-84. 

A class of optimization procedures is introduced that 
reduces computational difficulties by subdividing a 
large problem into many, smaller subproblems. 

Buxton, J.N. and Laski , J.G.; CONTROL AND SIMULATION LANGUAGE, 
The Computer J., 5, 1962. 

Chestnut, H.; SYSTEMS ENGINEERING TOOLS, 

John Wiley & Sons, New York, 1965 

A classic text on systems engineering. Deals with 
several large-scale systems. 

Chinaev, P.I.: MULT-DIMENSIONAL AUTOMATIC SYSTEMS, 

ad-664 548, 1967. (Mnogomernye Avtomaticheskie 
Sistemy, Kiev, 1963) . 
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chorafas, D. N. : SYSTEMS AND SIMULATION 

Academic Press, New York, 1965. 

Churchman, C. W.: ON LARGE MODELS OF SYSTEMS, 

Internal Working Paper, Social Sciences Project, 
University of California, 1966. 

Coffman, E. G. : STOCHASTIC MODELS OF MULTIPLE AND TIMEh 

SHARED COMPUTER OPERATIONS, Rept. 66-38, Dept, of 
Engineering, University of California, Los Angeles, 
1966. 

Conant, R. C.: CAUSE AND EFFECT RELATIONS WITHIN A NETWORK, 

University of Illinois, Rept. BCL 8.1, Urbana, 1967. 

Conant, R. C.: INFORMATION TRANSFER IN COMPLEX SYSTEMS, 

WITH APPLICATIONS TO REGULATION, NASA CR-94698, 1968. 

Multivariable information theory can eliminate such 
detail in large-scale models, while preserving 
information about the interrelations between parts 
of a system, even if the interrelations are very 
complex. 

Coviello, G. J.: AN ORGANIZATION APPROACH TO THE OPTIMIZATION 

OF MULTIVARIATE SYSTEMS, Proo. 1964 JACC, Palo Alto, 
1964. 


Dagum, C. : ON DETERMINISTIC AND STOCHASTIC STRUCTURES, 

AD-666972, 1967. 

Dentzig, G. and Wolfe, P.: DECOMPOSITION PRINCIPLE FOR 

LINEAR PROGRAMS, J. Operations Research^ 8^ 101-111, 
1960. 

de Solla Pool, I. and Abelson, R. : THE SIMULMATICS PROJECT, 

Public Opinion Quarterly^ 25^ 167-183, Summer 1961. 

Douglas, J. M. : THE USE OF OPTIMIZATION THEORY TO DESIGN 

SIMPLE MULTIVARIABLE CONTROL SYSTEMS, Proc. Joint 
Automatic Control Conference^ 1966, pp. 649-660. 

Drenick, R. F. : THE FAILURE LAW OF COMPLEX EQUIPMENT, 

J. Soc. Ind. App . Math. ^ 8^ Dec. 1960. 

Durbeck, R. C. and Lasdon, L. S.: CONTROL MODEL SIMPLIFI- 

CATION USING A TWO-LEVEL DECOMPOSITION TECHNIQUE, 
Proc. 1965 Automatic Control Conf., Troy, 1965, 
pp. 185-194. 
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Durbeck, R. C. : PRINCIPLES FOR SIMPLICATION OF OPTIMIZING 

CONTROL MODELS, Ph.D. Thesis, Case Institute of 
Technology, Cleveland, 1964. 

Dy Liacco, T. E.: THE ADAPTIVE RELIABILITY CONTROL SYSTEM, 

Trans. IEEE ^ PAS- 86, May 1967. 

Evans, G. W. , Wallace, G. F. and Sutherland: SIMULATION 

USING DIGITAL COMPUTERS, Prentice-Hall, Inc., 

Englewood Cliffs, 1967. 

Falb, P. L. and Wolovich, W. A.: DECOUPLING IN THE DESIGN 

AND SYNTHESIS OF MULTIVARIABLE CONTROL SYSTEMS, 

Trans. IEEE, AC-12, 651, Dec. 1967. 

Falb, P. L. and Wolovich, W. A.: ON THE DECOUPLING OF 

MULTIVARIABLE SYSTEMS, Proa. 1967 JACC, Philadelphia, 
1967, pp. 791-796. 

Findeisen, W. ; PARAMETRIC OPTIMIZATION BY PRIMAL METHOD IN 
MULTI-LEVEL SYSTEMS, Trans. IEEE, SSC, 1968. 

-Findeisen, W. and Lefkowitz, I.: DESIGN AND APPLICATIONS 

OF MULTILAYER CONTROL, Proa. IV IFAC Cong., Warsaw, 

1969. 

Ford, L. R. and Folkerson, D. R. : FLOWS IN NETWORKS, 

Princeton Univ. Press, Princeton, 1962. 

Foster, C., Rapoport, A. and Trucco, E.; SOME UNSOLVED 
PROBLEMS IN THE THEORY OF NON-ISOLATED SYSTEMS, 

General Systems, 2, 9, 1957. 

Gilbert, E. G. and Pivnichny, J. R. : A COMPUTER PROGRAM 

FOR THE SYNTHESIS OF DECOUPLED MULTIVARIABLE FEED- 
BACK SYSTEMS, AD-686823, 1969. 

Presents a practical synthesis procedure for decoupled 
systems through the use of computers. 

Gilbert, E. G. : THE DECOUPLING OF MULTIVARIABLE SYSTEMS BY 

STATE VARIABLE FEEDBACK, Siam J. Auto. Cont. , 7, 1969. 

Goode, H. H. and Machol, R. E.: SYSTEM ENGINEERING: AN 

INTRODUCTION TO THE DESIGN OF LARGE-SCALE SYSTEMS, 
McGraw-Hill Book Co., New York, 1957. 

Grabbe, E.M., Ramo, S. and Wooldridge: HANDBOOK OF AUTOMATION, 

COMPUTATION AND CONTROL, John Wiley & Sons, New York, 
1961. 

Nothing significant on large-scale systems. 
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Hall, A. D.: A METHODOLOGY FOR SYSTEMS ENGINEERING, 

D. Van Nostrand, Inc., Princeton, 1962. 

Herskovitch, H. and Schneider, T. H.: GPSS III- AN 

EXPANDED GENERAL PURPOSE SIMULATOR, 

IBM Systems J.^ 4^ 1965. 

Hertel, H. F. and Humphrey, SHARE XXIX TALK ON MODELING 

LARGE SYSTEMS, Simulation Project, Miami Beach, 1967. 

Hollingdale, S. H.,ed. : DIGITAL SIMULATION IN OPERATIONAL 

RESEARCH, American Elsevrier Pub. Co., New York, 1967. 

Hoos, I. R.: A CRITICAL REVIEW OF SYSTEMS ANALYSIS: THE 

CALIFORNIA EXPERIENCE, Internal Working Paper, 

Social Sciences Project, University of California, 

1968. 

This analysis concludes that systems analysis has been 
over-rated as a cure-all for urban ills. 

Hovey, R. K. : INTEGRATED LARGE-SCALE ANALOG-DIGITAL CONTROL 

SYSTEMS, ISA Preprint 63. 2. 63, 1963. 

IBM Corp.; PROCEEDINGS, IBM SCIENTIFIC COMPUTING SYMPOSIUM, 
SIMULATION MODELS AND GAMING, White Plains, 1966. 

IBM Corp.: GENERAL PURPOSE SIMULATION SYSTEM/360: USER'S 

MANUAL, White Plains, 1967. 

Jacoby, J. E. and Harrison, S.: MULTIVARIABLE EXPERIMENTATION 

AND SIMULATION MODELS, Naval Eesearah Logistics 
Quavtevly y 5, June, 1962. 

Joint Publications Research Service: SUMMARIES OF PAPERS 

ON "LARGE SYSTEMS" CONFERENCE, JPRS-47057, 1968. 

Summarizes several pertinent papers: 

A. A. Pervozvanskiy , "Decentralization Principle in 
Optimization of Complex Systems," 0. G. Chebotarev, 
"Resource Alleviation in Multisubject Studies, Based 
on the Aggregation of a Complex of Operations;" 

A. I. Kukhtenko, "On the Theory of Complex System 
Control," M. K. Babuneshvili , "Some Questions of 
Control and Principles of Construction for Optimum 
Hierarchical Control Structure in Systems with a 
Certain Objective Function." 
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Kennedy, J. L. : THE USES AND LIMITATIONS OF MATHEMATICAL 

MODELS, GAME THEORY, AND SYSTEMS ANALYSIS IN PLAN- 
NING AND PROBLEM SOLUTION. Rand Rpt. P-266, 1952. 

An early look at complex systems. 

Krieff, J.: MULTILEVEL CONTROL OF LINEAR SYSTEMS, 

Proa. 2969 JACC^ Boulder, 1969. 

Kukhtenko, A. I.: THEORY OF COMPLEX SYSTEMS WITH A 

HIERARCHIAL CONTROL STRUCTURE, NASA TT F-11, 412, 

1968. 

Kulikowski, R. : OPTIMAL CONTROL OF MULTIDIMENSIONAL AND 

MULTILEVEL SYSTEMS, Advances in Control Systems ^ 5, 

C. T. Leondes, ed. , Academic Press, New York, 1966. 

Kulikowski, R. : OPTIMUM CONTROL OF AGGREGATED MULTI-LEVEL 

SYSTEMS, Proa. Ill I FAC Cong.j London, 1966. 

Kulikowski, R. ; OPTIMIZATION OF AGGREGATED DYNAMIC SYSTEMS, 
Arch. Automat, Telemeoh. , 31, 227, 1966. 

Lasdon, L. S. and Schoeffler, J. D.: A MULTILEVEL TECHNIQUE 

FOR OPTIMIZATION, 1965 Joint Automatic Control Con- 
ference^ Troy, 1965, pp. 85-91. 

A two-level scheme for easing problems of high 
dimensionality . 

Lefkowitz, I.: MULTILEVEL APPROACH APPLIED TO CONTROL 

SYSTEM DESIGN, 1965 Joint Automatic Control Conference 
Troy, 1965, pp. 100-109. 

Decomposition used to break system into small sub- 
systems, each suboptimized separately. A hierarchy 
of control functions distributes the load and responsi 
bility for satisfying overall control objective. 

Leon, B. J. ; LUMPED SYSTEMS, Holt, New York, 1968. 

Lerner, A. Ya.; CONTROL IN LARGE SYSTEMS, JPRS-46561 , 1968 . 

Chapter 9 of Technical Cybernetics in the USSBj 
A. Ya. Lerner, Nauka Press, Moscow, 1968. A most 
excellent survey of the large-scale system problem 
and various techniques being tried to analyze com- 
plex systems. About 100 references are numbered 
in the text but not reproduced in the JPRS trans- 
lation. 
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Macko, D.: GENERAL SYSTEMS THEORY APPROACH TO MULTI- 

LEVEL SYSTEMS, Case Western Reserve, Systems 
Research Center, Rpt. SRC 106-A-67-44, 1967. 

Macko, D.: HIERARCHICAL AND MULTILEVEL SYSTEMS, 

IEEE Systems Science and Cybernetics Conf.j 
Boston, 1967. 

Markowitz, H. M. , Hausner, B. and Karr, H. W. : SIMSCRIPT: 

A SIMULATION PROGRAMMING LANGUAGE, Prentice-Hall , Inc . , 
Englewood Cliffs, 1963. 

McKay, K. G. : NETWORK, Science & Technology, no. 76, 

44-50, April 1968. 

An excellent popular description of telephone net- 
works and what makes them large-scale systems. 

McKay notes that the U.S. and Canadian telephone 
systems are too large to simulate on a computer 
and that large engineering decisions must be made 
on the basis of experience. 

Meerov, M. V.: MULTIVARIABLE CONTROL SYSTEMS, 

N68-37293, 1968. (Translation of Sistemy mnogosvyaznogo 
reguliroraniya) . 

Mesarovic, M. D. : A GENERAL SYSTEMS APPROACH TO ORGANIZA- 

TIONAL THEORY, Case Institute of Technology, Report 
SRC 2-A-61-2, 1962. 

Mesarovic, M. D. , Lefkowitz, I. and Pearson, J. : ADVANCES 

IN MULTILEVEL CONTROL, International Federation of 
Automatic Control Symposium, Tokyo, 1965. 

Mesarovic, M. D. , Macko, D. and Takahara; TWO COORDINATION 
PRINCIPLES AND THEIR APPLICATION IN LARGE SCALE 
SYSTEMS CONTROL, Proc. IVth IFAC Congress , Warsaw, 

1969 . 

Mesarovic, M. D., Macko, D. and Takahara; THEORY OF MULTI- 
LEVEL, HIERARCHICAL SYSTEMS, Academic Press, New York, 
1970. 

Mesarovic, M. D. ed. : SYSTEMS SYMPOSIUM, AND CASE INSTITUTE 

OF TECHNOLOGY VIEWS ON GENERAL SYSTEMS THEORY. 

John Wiley & Sons, New York, 1964. 
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Mesarovic, M. D.: TOWARD A FORMAL THEORY OF PROBLEM SOLVING, 

COMPUTER AUGMENTATION OF HUMAN REASONING, 

Spartan Books, Washington, 1965. 

Mesarovic, M. D.: MULTI-LEVEL HEURISTIC AND PROBLEM SOLVING, 

Proa. II Bionics Symp.t Dayton, 1963. 


Mesarovic, M. D.: A CONCEPTUAL FRAMEWORK FOR THE STUDY OF 

MULTI-LEVEL MULTI-GOAL SYSTEMS, Case Western Reserve, 
Systems Research Center Rpt. SRC llO-A-67-47, 1967. 


Mesarovic, M. D.: MULTI-LEVEL CONCEPT FOR SYSTEMS ENGINEER- 

ING, Systems Eng. Conf.y Chicago, 1965. 

Mesarovic, M. D. , Pearson, J. D. and Takahara, Y.: A MULTI- 

LEVEL STRUCTURE FOR A CLASS OF LINEAR DYNAMIC OPTI- 
MIZATION PROBLEMS, Proa. 1965 JACC, Troy, 1965, 
pp. 93-99. 


A linear dynamic system is decomposed into subsystems 
which are optimized with respect to subgoals. A co- 
ordination scheme is introduced. 


Mesarovic, M. D. et al: ON THE SYNTHESIS OF DYNAMIC MULTI- 
LEVEL SYSTEMS, Proa. Ill IFAC Cong.^ London, 1966. 

Mesarovic, M. D. , Macko, D. and Takahara, Y.: STRUCTURING 

OP MULTI-LEVEL SYSTEMS, IFAC Symposium on Multi- 
variable Control Systems^ Dusseldorf, 19 68. 

Mesarovic, M. D. : MATHEMATICAL THEORY OF GENERAL SYSTEMS, 

Penn State, 1967. 

Mesarovic, M. D. : THE CONTROL OF MULTIVARIABLE SYSTEMS, 

M.I.T. Press, Cambridge, 1960. 

Michigan University, Willow Run Laboratories: SYMPOSIUM 

ON PREDICTION OF PERFORMANCE OF LARGE-SCALE SYSTEMS, 
Rept. 2354-11-S, 1959. 

Morgan r'B . S .7 jr . : THE SYNTHESIS OF LINEAR MULTIVARIABLE 

Systems BY state variable feedback. Proa. 1964 JACC, 

Stanford, 1964, pp. 468-472. 

Munini, L. J. : OPTIMIZATION OF COUPLED SYSTEMS BY DE- 

COMPOSITION, M. S. Thesis, Case Institute of 
Technology, Cleveland, 1966. Also: AD-478509. 
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Munter, M. : ERROR CONTROL ON REAL CHANNELS, Ph.D. Thesis, 

Polytechnic Institute of Brooklyn, 1968. 

Pearson, J. D. : DECOMPOSITION, COORDINATION, AND MULTI- 

LEVEL SYSTEMS, IEEE Trans . ^ SSC-2^ 36. Aug. 1966. 

Discusses general approaches to the design of 
hierarchical systems. 

Pearson, J. D. : MULTI-LEVEL CONTROL SYSTEMS, Proa. IF AC 

Symp. on Adaptive Control ^ London, 1965. 

Rosenblatt, D. ; AGGREGATION IN MATRIC MODELS OF RESOURCE 
FLOW, Amer. Statistician^ 36, June 1965. 

Roy, S. N.: SOME ASPECTS OF MULTIVARIATE ANALYSIS, 

John Wiley & Sons, New York, 1957. 

Sanders, J. L. : MULTI-LEVEL CONTROL, Proa. 1964 JACC, 

Palo Alto, 1964, pp. 514-520. 

Sanford, R. S.: PHYSICAL NETWORKS , Prentice-Hall, Englewood 

Cliffs, 1965. 

Shinners, S. M. : TECHNIQUES OF SYSTEM ENGINEERING, 

McGraw-Hill Book Co., New York, 1968. 

Simon, H. A. and Newell, A.: HEURISTIC PROBLEM SOLVING: 

THE NEXT ADVANCE IN OPERATIONS RESEARCH, Operations 
Research, 6, Jan. -Feb. 1958. 

Simon, H. A.: ARCHITECTURE OF COMPLEXITY, Proc. Amer. 

Phil. Soa., 106, ASl , Dec. 1962. 

Simon, J. : MULTI-LEVEL DECOMPOSITION FOR THE OPTIMIZATION 

OF COMPLEX STATIC SYSTEMS, Case Western Reserve, 
Systems Research Center, Rpt. SRC 75-A-65-28, 1965. 

Smith, C. L. and Murrill, P. W. : AN OPTIMAL CONTROLLER FOR 

MULTI -VARIABLE SYSTEMS SUBJECT TO DISTURBANCE INPUTS, 
AD-688803, 1969. 

Presents a design technique for linear, continuous 
controllers for multivariable process systems. 

Smith, T. C.: SAMSOM: SUPPORT-AVAILABILITY MULTI-SYSTEM 

OPERATIONS MODEL, Rand Rpt. RM-4077-PR, 1964. 

Sprague, C.F. Ill; ON THE RETICULATION PROBLEM IN MULTI- 
VARIATE CONTROL SYSTEMS, Proa. 1964 JACC, Palo Alto, 
1964, pp. 487-493. 
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Straszek, A.: ON THE STRUCTURE SYNTHESIS PROBLEM IN 

MULTI-LEVEL CONTROL SYSTEMS, Proa. IFAC Symp.^ 
on System Engineering for Control System Design, 

Tokyo, 1965. 

Takahara, Y. and Mesarovic, M. D.; COORD INABILITY OF 

DYNAMIC SYSTEMS, Proo. 1969 JACC, Boulder, 1969. 

Takahara, Y.; MULTI-LEVEL SYSTEMS AND UNCERTAINTIES, 

Case Western Reserve, Systems Research Center, 

Rpt. SRC 99-A-66-42, 1966. 

Thomas, R. E. and Tov, J. T.: EVOLUTION OF HEURISTICS BY 

HUMAN OPERATORS IN CONTROL SYSTEMS, IEEE Trans., 

SSC-4, 60, March 1968. 

Presents a mathematical model for decision making 
in human-operated systems. 

Varaiya, P.: DECOMPOSITION OF LARGE-SCALE SYSTEMS, 

SIAM J. Control, 4, 101, Feb. 1966. 

Weaver, W. : SCIENCE AND COMPLEXITY, American Scientist, 

36, 536, 1948. 

Whyte, L. et al, eds . : HIERARCHICAL STRUCTURE, American 

Elsevtier, New York, 1967. 

Wismer, D.A. Jr.: OPTIMAL CONTROL OF DISTRIBUTED 

PARAMETER SYSTEMS USING MULTI-LEVEL TECHNIQUES, 
University of California, Rpt. 66-55, Los Angeles, 

1966. 

Chapter 2 is entitled "Multilevel control." 

Chapter 4 is entitled "Variations of the Optimal Control 
Problem for Distributed Parameter Systems and Their 
Effect on Multilevel Control." Both of these chapters 
have application to systems with many variables . 

Wismer, D.A,. Jr., ed: OPTIMIZATION OF LARGE-SCALE SYSTEMS, 

'McGraw-Hill Book Co., New York, 1970 (In press). 

Wymore, A. W. : MATHEMATICAL THEORY OF SYSTEMS ENGINEERING: 

THE ELEMENTS, John Wiley & Sons, New York, 1967. 

Yore, E. E.: APPLICATION OF MARK-III-SOC TO MULTIVARIABLE 

CONTROL PROBLEMS, PART II, U.S.A.F. AFFDL-TR-6 8-10 , 

1968. 
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